F
or the past several years, preimplant surgery has made it possible, through the use of bone grafting, to obtain a more or less total reconstitution of the alveolar walls. This first therapeutic step allows the adequate positioning of the implants and the long-term success of implantsupported reconstruction. [1] [2] [3] [4] [5] In the first part of this article, we described a new grafting protocol for maxillary rehabilitation, using allograft, Choukroun's platelet-rich fibrin (PRF), and metronidazole. Allogeneic bone (human bone from a tissue bank) is generally considered as an efficient and a secure product. 6 -9 A small quantity of a 0.5% metronidazole solution (10 mg) can also be used to provide an efficient protection of the bone graft against unavoidable anaerobic bacterial contamination. 10 Choukroun's PRF is a leukocyte-and plateletrich fibrin biomaterial. [11] [12] [13] Used as a membrane or as fragments, PRF allows a significant postoperative protection of the surgical site and seems to accelerate the integration and remodeling of the grafted biomaterial. 14 -16 The association of allograft, PRF, and metronidazole seems an innovative approach for vestibular bone grafting on the alveolar ridges.
In this second part, we focus on the implant and prosthetic phases after the previously described preimplant grafting procedure, and on the relevance of PRF during this specific part of the treatment. Choukroun 17 This technique requires neither anticoagulant, nor bovine thrombin (nor any other gelifying agent). Whole blood is drawn in 10 mL tubes without anticoagulant 18 and is immediately centrifuged at 400g for 12 minutes (Process protocol, Nice, France). The result is a platelet-and leukocyte-rich fibrin clot located in the middle of the tube. During implant surgery, PRF should be used as a membrane to foster healing of wound edges and to provide a high-quality gingival maturation. This could increase the periimplant periosteum resistance and thus diminish the middle-and longterm marginal bone loss around implants. Its impact on the final esthetic result of the rehabilitation could thus be substantial.
CLINICAL ILLUSTRATION
This is the end of the case previously described in part 1.
The Implant Phase
Three months after the graft surgery, the CT scan confirmed that the placement of the implants could be undertaken. During this second surgical step, the grafts seemed extremely hard and homogenous (Fig. 1) . Consequently, 11 implants were placed in the maxillary and five in the mandible (3i Implant Innovations Inc., Palm Beach Gardens, FL) (Fig. 2, A and B) . Finally, the implanted ridges were entirely covered with PRF membranes, to further accelerate healing of the soft tissue and to facilitate the rapid closure of the incision (Fig. 2, C) . After healing on such a fibrin bed, the gingival tissue displayed a greater level of maturation: it looked noticeably thicker and more keratinized, and should therefore produce a satisfying final esthetic result.
Implantation into a mature maxillary freeze-dried bone allograft (particularly vestibular thickening of alveolar ridges) is always delicate because of the low quality of the grafted bone in comparison with a natural cortical bone. That is the reason why 11 implants were used: a maximum anchorage was necessary for the full arch maxillary rehabilitation.
In the mandible, bone was dense and five implants were enough for a resistant Bränemark type bridge.
The Prosthetic Phase
After 3 months of tissue integration ( Fig. 2, D) , the submerged implants could be uncovered, and the healing screws were connected. However, considering the length of the incisions and the substantial gingival remodeling needed before the final prosthesis design, it was decided to let the soft-tissues heal around the transgingival screws-hidden in the patient's complete removable maxillary prosthesis (Fig. 3 , A)-for another 3 months (during the summer).
Nine months after the beginning of the implant treatment, it was possible to perform a final impression on healed peri-implant gingival tissue (Fig. 3 , B-D), to create the permanent prosthesis. After several fittings and corrections, the implant-supported prosthesis was connected and adjusted to obtain a satisfactory esthetic result (Figs. 4 and 5, A). Therefore, for this patient there was no temporary implant-supported prosthesis to validate the esthetic and functional results of the rehabilitation.
In such a large rehabilitation, global occlusal equilibration is a key for a successful treatment. The distal 
Fig. 2. Eleven maxillary implants were correctly placed in the reconstructed ridges (A and B).
The entire surgical site was covered with PRF membranes, to promote rapid healing of the incision, better control of inflammation at the site, and increased maturation of the peri-implant keratinized gingiva (C). The panoramic x-ray, 3 months after implantation showed the adequate implant alignment (D).
cantilever on the maxillary left side was not absolutely necessary but seemed better for the symmetry of equilibration. The mandibular triple cantilever was possible because of the implant lengths (diameter 4, length 15 mm) and the bone density. Posterior mandibular implantation was possible, but in this case, it could be considered as overtreatment. Four years after the end of treatment, rehabilitation is clinically and radiologically successful (Fig. 5, B) .
A Retrospective Study on 20 Successive Cases
Using the previously described protocol, a series of 20 successive similar cases were treated by the same surgeon between June 2002 and June 2007, using three different implant systems, 3I Osseotite (Palm Beach Gardens), AstraTech Osseospeed (Mölndal, Sweden), and Intra-Lock (Boca Raton, FL). Finally, 184 implants were placed: 54 3I implants in five patients, 46 AstraTech implants in five patients, and 84 Intra-Lock implants in 10 patients. Patients were all healthy and nonsmoker (mean age, 55 years), 15 women and 5 men.
The mean number of implants per patient was 10.8 with 3I implants, and only 9.2 and 8.4 with AstraTech and Intra-Lock implants, respectively. In the first patients treated with this new protocol, a high number of 3I implants were used for maximum anchorage in the grafted volume of these full-arch rehabilitations. However, AstraTech and Intra-Lock implants are microthreaded at the collar and gave a higher biomechanical resistance: it was thus decided to reduce the number of implants per rehabilitation with these two systems.
The criterion for treatment evaluation was a simple qualitative variable related to three possible treatment outcomes. 19 Success was reached if no clinical implant mobility, no radiographic peri-implant translucency, no neuropathic sign, or pain or infection symptoms were observed. Moreover, after 1 year of functional loading, the vertical bone loss must be less than 0.2 mm per year. Failure was admitted when the implant was not functional or has been removed. Finally, an ailing outcome was defined if the implant was still in the patient's mouth, but did not answer the criteria allowing to classify it as a success or as a failure.
Marginal bone loss was evaluated using standardized retro-alveolar radiographs and gingival covering was followed up clinically each year. The mean clinical follow-up was 2.1 years (range, 1-5 years).
In this specific series, no implant was lost and all rehabilitations were successful, whatever the implant system and the number of implants used. How- Fig. 3 . Three months after implantation (6 months after the beginning of the treatment), the healing screws were connected, followed by 3 more months of healing and maturation of the bone and peri-implant soft tissues (A). Nine months after the bone graft, it was possible to make a final impression of the healed surgical site. Peri-implant soft tissue was healthy and thick (B and C), due to the bed of fibrin membranes covering the graft during the recurring healing phases. This impression was used to create the permanent prosthesis (D). ever, there was some minor differences between the systems; marginal bone loss was normal around 3I implants (between 0.3 and 1 mm lost during the first year of functional loading, and then 0.1 mm on average per year) but imperceptible around AstraTech and Intra-Lock implants. Moreover, with microthreaded implants and PRF membranes, the initial marginal bone loss was not even noticeable.
DISCUSSION

PRF for Gingival Healing and Esthetic Results
Choukroun's PRF is an autologous leukocyte-and platelet-rich fibrin matrix. In the first part, we described the numerous actions of such biomaterial during the bone grafting procedure. The repetitive use of PRF membranes during the implant surgery leads to another kind of beneficial effects. In theses cases, PRF was used to cover the head of the implants, and thus act as a fibrin bandage between the allograft and the gingival tissue. Platelet concentrates are known to improve soft-tissue healing, 20 but PRF is above all a fibrin biomaterial 21 : the fibrin mesh is slowly remodeled and replaced by a strong collagen neotissue. The use of PRF thus leads to this thick gingival tissue around the implants. The repetitive use of PRF during the healing screws placement will amplify these phenomena. Considering the gingiva remodeling speed, it could be interesting to define the best period of time between the two PRF applications. In this case series, 3 months seemed very efficient considering the final gingival tissue thickness and long-term stability.
If PRF presents clear effects on gingival healing and maturation, it could play a significant role on the stability of the grafted bone surface. Indeed, in this new protocol, allografts were performed by adding a high quantity of materials onto the resorbed maxilla. When the implants were placed, this grafted bone always showed a strong density. Bleeding during drilling demonstrated the good integration of the graft, partially due to the use of PRF and metronidazole during the grafting phase. However, this bone gain must be protected. PRF membranes allow to obtain thick gingiva, and its action on the periosteum is significant, because of the growth factors and the fibrin itself. 22, 23 The early reinforcement of the periosteum certainly explains the excellent long-term results considering the peri-implant tissues, showing a very small peri-implant bone loss even 5 years after surgery.
Influence of the Implant Design on the Treatment
In this case series, two different implant designs were used and lead to an evolution of the surgical approach. All these implant systems show modified implant surfaces (3I Osseotite, AstraTech Osseospeed, and IntraLock Standard or Ossean) 24 -26 with satisfactory osseointegration performances. In these clinical cases, the main problem was more biomechanical. Implants with a microthreaded collar offered a stronger initial stability in grafted tissues, and thus allowed to use less implant per maxillary without compromising or delaying the treatment outcome. However, no significant conclusions can be drawn from this clinical feeling and finally, all implant systems showed similar success rates.
High initial mechanical anchorage of microthreaded implants could open more opportunities for simplification in sensible implant sites. However, the influence of implant design is more obvious considering the peri-implant tissues. In this case series, the periimplant bone loss remains always low with all implant systems, because of adequate implant positioning and repetitive covering with PRF membranes. This result is however clearly reinforced with AstraTech and Intra-Lock implants. Both feature microthreads and a prosthetic platform-switching concept. 27 Their design leads to an undetectable marginal bone loss, even 4 years after treatment.
We can assume that simultaneously using such implant design with PRF and metronidazole could significantly improve this protocol.
CONCLUSION
Implant rehabilitation after extensive bone grafting is always a delicate procedure. Even after bone maturation, the protection of the grafted tissue is at stake. LoB5@mac.com o drdohand@hotmail.com La relevancia de la fibrina rica en plaquetas (PRF) de Choukroun y metronidazola durante la rehabilitación compleja de maxilares usando aloinjertos de hueso. Parte II: cirugía de implante; prostodóntica y supervivencia ABSTRACTO: Un injerto extenso de hueso sigue siendo un procedimiento delicado debido a la lenta y dificultosa integración del material injertado en la arquitectura fisiológica. El uso reciente de concentrados de plaquetas trata de mejorar este proceso de integración al acelerar la curación del hueso y la mucosa. La fibrina rica en plaquetas (PRF) de Choukroun es un biomaterial de curación que concentra en una sola membrana de fibrina autóloga, la mayoría de plaquetas, leucocitos y citocinas de una cosecha de sangre de 10 mL, sin modificación bioquímica artificial (sin anticoagulante, sin trombina de bovinos). En esta segunda parte, describimos las fases del implante y prostéticas de una rehabilitación compleja de un maxilar, luego del injerto de hueso preimplante usando un aloinjerto, membranas de PRF de Choukroun y metronidazol. Se trataron a veinte pacientes usando esta nueva técnica con seguimiento durante 2,1 años (1 a 5 años). Por último, se colocaron 184 implantes dentales, incluyendo 54 implantes clásicos con tornillos (3I, Palm Beach Gardens, EE.UU.) y 130 implantes con cuello de rosca microscópica (46 de AstraTech, Mölndal, Suecia; 84 de IntraLock, Boca Raton, EE.UU.). No se perdieron implantes ni injertos en esta serie de casos, lo que confirma la validez de este protocolo de reconstrucción. Sin embargo, el número de implantes usados por rehabilitación maxilar fue siempre más alto con implantes simples de tornillos que con los implantes de roscas microscópicas, ya que este último presentó una estabilidad inicial del implante más sólida. Por último, durante complejas rehabilitaciones que usan implantes, las membranas PRF son muy útiles para la curación y maduración del periostio. La encía espesa periiimplante se relaciona a varias fases de la curación en una capa de la membrana PRF y podría explicar la baja pérdida marginal del hueso que se observó en esta serie. El concepto del cuello con roscas microscópicas y el cambio de plataforma mejoraron este resultado. La múltiple curación de las membranas de PRF parece ser una nueva oportunidad para mejorar el resultado estético final.
PALABRAS CLAVES: fibrina, aloinjerto de hueso liofilizado (FDBA por sus siglas en inglés), implante, concentrado de plaquetas, fibrina rica en plaquetas (PRF), plasma rico en plaquetas (PRP) RESUMO: O enxertamento extensivo de osso permanece um procedimento delicado, devido à lenta e difícil integração do material enxertado na arquitetura fisiológica. O uso recente de concentrados de plaquetas visa melhorar este processo de integração acelerando a cura do osso e mucosal. A Fibrina Rica em Plaquetas (PRF) de Choukroun é um biomaterial de cura que concentra numa única membrana de fibrina autól-oga, a maior parte plaquetas, leucócitos e citocinas de uma coleta de 10 mL de sangue, sem modificação bioquímica artificial (nenhum anticoagulante, nenhuma trombina bovina). Nesta segunda parte, descrevemos as fases de implante e protética de uma reabilitação maxilar complexa, após o enxertamento de osso pré-implante usando enxerto aloplás-tico, membranas PRF de Choukroun e metronidazol. Vinte pacientes foram tratados usando esta nova técnica e acompanhados durante 2,1 anos (1 a 5 anos) . Finalmente, 184 implantes dentários foram colocados, incluindo 54 implantes clássicos com parafuso (3I, Palm Beach Gardens, EUA) e 130 implantes com colarinho microrrosqueado (46 from AstraTech, Mölndal, Sweden; 84 de Intra-Lock, Boca Raton, EUA). Nenhum implante ou enxerto foi perdido nesta série de casos, confirmando a validade deste protocolo reconstrutivo. Contudo, o número de implantes usados por reabilitação maxilar foi sempre mais alto com implantes simples com parafuso do que com implantes microrrosqueados, os últimos apresentando uma estabilidade de implante inicial mais forte. Finalmente, durante reabilitações de implantes complexos, as membranas PRF são particularmente úteis para cura do periósteo e maturação. A grossa gengiva de peri-implante está relacionada a várias fases de cura numa camada de membrana PRF e poderia explicar a baixa perda de osso marginal observada nesta série. O colarinho microrrosqueado e o conceito de mudança de plataforma até melhoraram este resultado. A cura mú ltipla em membranas PRF parece uma nova oportunidade de melhorar o resultado estético final. 
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